INTRODUCTION
There was a large outbreak of aseptic meningitis due to echovirus type 4 from the early spring to the late fall of 1964 in Japan.
It was one of the largest epidemics of aseptic meningitis ever since 1960 (Kono, et al., 1960) and 1961 (Hinuma, et al., 1964) , when Coxsackie B-5 virus meningitis prevailed, and such large spread of echo-4 virus was the first experience in this country. The extent of the epidemic covered Honshu (Japanese mainland) and a part of Shikoku Island, and it spread to whole Shikoku and the northern part of Kyushu next year. But Hokkaido and the southern part of Kyushu were spared from the epidemic wave.
This paper will present the results of our virological and epidemiological studies of the epidemic.
MATERIALS AND METHODS
Specimens for virus isolation : Over 400 specimens, collected from the epidemic areas of 12 prefectures, were subjected to virus isolation. The specimens were mostly composed of stools and spinal fluid. A small number of throat swabs and autopsied human brains were also included in the specimens for isolation. They were stored at -20 C in a freezer before use .
Patients' sera : Sera were obtained from about 150 aseptic menigitis cases in several epidemic areas, including about 60 paired sets from acute and convalescent phases.
Virus strains : Seven virus strains of echovirus type 4 were used for serological tests. Pesascek strain and Du Toit strain were obtained from Dr. M. Nakano, Division of Enteroviruses of this Institute. Shropshire strain (Barron and Karzon, 1961) was given us by the courtesy of Dr. D. T. Karzon. KP-361 strain (Hayakawa, 1964) was isolated by Dr. Y. Hayakawa using FL cells from a stool specimen of an aseptic meningitis patient in Kyoto, 1963 . Out of isolates in this epidemic, 3 strains from Arai City (No. 103 strain), Tosa City (No. 197 strain) and Matsue City (No. 157 strain) were used as representative ones throughout the following experiment. These virus strains were maintained in MK cell cultures, unless otherwise stated.
Cell cultures : Primary cynomolgus monkey kidney (MK) and human embryonic lung (HEL) cell cultures were mainly used for the study. MK cells were grown in lacto-albumin Earle (LE) medium added 4 % calf serum and maintained in LE medium without serum. HEL cells were grown in Eagle's MEM enriched with 10 % calf serum and maintained in Eagle's MEM plus 2 % chick serum. HEL cell lines used were on passage levels within 25 generations.
Virus isolations : 0.2 ml of 10 % stool suspension or 0.2 to 1.0 ml of other materials was inoculated into two to four tubes of MK cell culture, the tubes were microscopically observed daily over one week, and at least one further passage was made for each specimen. The isolation was considered unsuccessful, if the second passage revealed no cytopathic effect (CPE). When CPE was observed, one more passage was performed and the agent which was diluted to contain approximately 100 TCID50/0.1 ml was identified by a neutralization test with monotypic or pooled type specific immune sera against each type of enteroviruses, which were adjusted to have 20 neutralization units/ 0.1 ml to the homotypic viruses.
The plaque method was also utilized to recover virus from spinal fluid, blood and other materials. 0.5 ml of patients' materials was inoculated onto MK cell monolayer in a bottle which was washed once with PBS beforehand. After incubating at 36 C for 1 hr for virus adsorption, the cells were washed once with PBS, and overlaid with nutrient agar composed of medium 199 and Difco Noble agar including neutral red in a final concentration of 1 : 50,000. All the cultures were read after incubation for 5 to 6 days at 36 C. If plaques were found, they were counted and a further passage was made by picking up plaques. Thus, several cloning lines of the virus from a material were identified as echo-4 virus by the tube neutralization and/or complement fixation test.
Neutralization test: Neutralization test was carried out by primary MK cell and/or HEL cell tube culture in an ordinary way using CPE as a criterion and by the plaque reduction method using monolayer bottle cultures of MK cells. Equal amounts of two or four fold serial dilutions of each serum and a virus suspension which contained TYPE 4 MENINGITIS IN JAPAN 13 about 100 TCID50/0.1 ml for the tube method or 100 PFU/0.1 ml for the plaque neutralization were mixed, incubated for 60 minutes at 37 C and overnight at 4 C. An aliquot of 0.2 ml of each serum-virus mixture was inoculated into tube cultures, and incubated for 7 days at 36 C. CPE was read and neutralization titer was expressed by reciprocal of serum dilution showing 50 % neutralization.
In the plaque neutralization test 0.2 ml of each mixture was inoculated into bottle cultures, allowed to adsorb for 60 minutes at 37 C, overlaid with nutrient agar, and incubated for 6 days at 36 C. The neutralization end point was taken at a serum dilution showing 90 % reduction of the number of plaques. In case of Du Toit strain 0.02 % of DEAE dextran was incorporated into the nutrient agar in order to neutralize inhibitors.
Complement fixation test: Two methods of preparation of complement fixing antigen were employed. The difference was to have used lactalbumin-Earle solution enriched or not enriched with 10 % tryptose phosphate broth as maintenance media for inoculated MK cell cultures. Primary MK cells grown in a prescription bottle (8 oz.) were washed once with PBS, added with 10 ml of maintenance medium, then inoculated with 0.2 ml of undiluted suspension of each strain of echo-4 virus, incubated for 2 to 4 days at 36 C, and harvested by scraping cells with culture fluid. The harvest was spun down at 2,500 rpm for 20 minutes. The supernate was utilized as complement fixing antigen. Complement fixing antigen of Du Toit strain need be concentrated two fold using Carbowax 6000 to get 4 units of antigen. Preparation of antisera : Antisera against seven strains of echo-4 virus, i. e., Pesascek, Du Toit, Shropshire, No. 103, No. 157 and No. 197 , were prepared in guinea pigs. The viruses were grown in MK bottle culture which received medium 199 as maintenance medium, cells and fluids were harvested, the harvest was frozen and thawed 2 times and spun down at 2,500 rpm for 20 minutes. The supernate was treated twice with an equal amount of fluorocarbon, and 5 ml of the resulting supernate was injected intraperitoneally into guinea pigs 5 to 7 times at intervals of about one week. The sera were separated from bloods taken one week after the last antigen injection.
DESCRIPTION OF THE EPIDEMIC
General features: Since the aseptic meningitis is not a reportobligatory disease in this country, it was hard to trace the exact number of cases of the epidemic as a whole.
According to the laboratory record, echo-4 virus was already isolated by Saitama Prefectural Health Laboratory in the autumn of 1963, hence it was conceivable that the spread of echo-4 virus might have latently occurred about a year ahead. The earliest isolation of echo-4 virus by our own hand was from a specimen which was sent from Fukui Prefecture in June.
And also the last recovery was successful by a material from Fukushima Prefecture in November.
The local outbreak in Arai City, Niigata Prefecture, where we made a survey, extended from June to November.
As described in the introduction, the epidemic wave covered the greater part of Honshu.
When considered by geographic location of the outbreaks and their time sequential relationship, main early epidemic foci scattered throughout Honshu, that is, three prefectures of Tohoku district (Hinuma, et al., 1966) , Aomori (Aomori City and Wakinosawa Village), Iwate (Kuzumaki City), and Yamagata (Yamagata City) ; three ISHII et al. Vol. 21
prefectures of Hokuriku district, Niigata (Arai City and Ojiya City) (Niwayama, et al., 1965) , Toyama (Toyama City), and Ishikawa (Kanazawa City) ; two prefectures of Sanin district, Shimane (Matsue City) and Tottori (Tottori City). And also smaller outbreaks were reported from Saitama, Tokyo, Kanagawa and Shizuoka. Thus, aseptic meningitis due to echo-4 virus in 1964 is considered as a multicentric outbreak, since the epidemic appeared almost at the same time in the foci described above. Then, the disease spread centrifugally to the surrounding areas to cover the vast area of Honshu. The fact that the peak of the epidemic in Fukushima was as late as September might reflect the above situation. As for the prognosis of echo-4 virus infection, it was generally benign, although a few cases were observed which left behind weakness or paralysis as well as one definite encephalitic form which turned to be fatal. It was of interest that Hokkaido, Kyushu and the greater part of Shikoku, where a small outbreak was found in two places, spared from the epidemic wave, and Kyushu and Shikoku were invaded in the next year. A chain of infection from one child to another would be interrupted by two natural barriers such as Tsugaru Strait and Inland Sea, thus the invasion of echo-4 virus would fail or retard. There was small epidemics of echo-12 virus meningitis in Sapporo, Hokkaido, and the local Health Laboratory isolated echo-1 virus abundantly throughout Hokkaido during the summer of 1964, hence there would be another possibility that an interference between existing enteroviruses and echo-4 exerted a sparing action to the latter.
Epidemiological and Clinical Features in Arai City, Niigata Prefecture:
The population of Arai City was estimated at approximately 35,000 and about 750 cases of aseptic meningitis were notified. We made a health survey in the first and second grade children of two primary schools and their families by enquete. Those who had symptoms suggesting meningeal irritation such as fever, headache, nausea and vomiting were considered as sick. Four hundred and twenty-seven sick persons (18.7 %) were found during the epidemic from June to October among 440 school children and their family members totaling 2,274. The illness was concentrated among children under 14 years of age ( Fig. 1) and it is identical to the age distribution of frank cases. A large number of aseptic meningitis patients in Arai City was admitted to the Keinan Hospital (Niwayama, et al., 1965) . The age distribution of the patients in this Hospital is shown in Table 1 .
Clinical symptomes in 203 cases admitted in this Hospital are summarized in Table  2 . Their onset was acute and fever was found in all of them except one. Maximum temperature was no more than 38.9 C in 181 cases (90.9 %), and fever higher than 40 C was observed in only one case. Fever duration was within 5 days in 169 cases (84.6 %). Although the most common fever type was monophasic in 114 cases (57.3 %), biphasic fever was found in 76 cases and triphasic in 9 cases. Another cardinal symptomes were nausea, vomiting, headache and meningeal irritation. Exanthema was found in 24 cases (11.8 %), of which 16 cases were rubella-like and the remainder measles-like. Generally speaking, symptoms were mild and no death was recorded.
Pre-and post-epidemic sera were collected from healthy individuals belonging to three age groups (0 to 9, 10 to 19 and 20 years old or over, respectively) in October 1963 and 1964 at five places of Niigata Prefecture where the epidemic was noticed. The occurrence of neutralizing antibody against 100 TCID50/0.1 ml of Du Toit strain of echo-4 virus were screened in a 1 : 4 dilution of the sera mentioned above. The results are shown in Table 3 . The rate of antibody positives did not differ in pre- and post-epidemic sera of individuals above 20 years of age, but none in the group less than 9 years old showed positive before the epidemic and 35 % of them converted into positive after the epidemic. Therefore, it was concluded that echo-4 virus did not prevail among the residents of Niigata Prefecture during the last decade. 
Virus Isolation from Patients' Materials
Virus isolation by MK cell tube cultures : After all, 174 strains which were isolated by our own hand or local laboratories were subjected to identification, and 152 (87 %) of them were typed as echovirus type 4. Besides the above, adenovirus intermediate type 3-7, Coxsackie A9, Coxsackie B4 and echovirus types 1, 6, 7, 11, 14 and 25 were identified, but six strains remained untypable. Echo-4 viruses were recovered at fourteen different prefectures of Honshu which extended from the northern part such as Fukushima to the southern district such as Yamaguchi.
And also some strains were recovered at Tokushima and Kochi, Shikoku districts.
Other types of virus were found sporadically at various places and no uniform distribution was noticed. Figure 2 shows virus isolation rates from various specimens. The virus was recovered most often from stools of which some specimens were sent by a special delivary mail ; and those taken until 16th day of illness gave positive results. Twenty-four of 94 spinal fluid specimens gave positive isolation and the latest positive date of virus isolation was 9th day of illness. The isolation rate from throat swabs was low and confined within a few days after the onset.
Virus isolation by the plaque method using MK cell cultures : The infectivity titer of echo-4 virus always was 0.5 to 1.5 log higher when examined by the plaque method using bottle monolayer MK cell cultures than by the tube culture method, in cases that identical echo-4 virus preparations were compared by both methods. It was also reported by Hsiung et al. (1963) that the plaque method was more sensitive than other isolation methods in the isolation of echo-4 and Coxsackie B-4 viruses. Therefore, an attempt was made to isolate echo-4 virus from patients' materials by the plaque method, and the result was compared with that obtained with the tube method simultaneously performed.
Echo-4 virus was recovered from all 9 spinal fluids and from 5 of 9 sera in a preliminary attempt.
Since it became evident that the plaque method was superior, more specimens were examined to confirm the above finding ; in all, 39 specimens containing fecal materials were examined by both the methods.
Inocula of fecal suspensions had to be diluted 4 to 5 fold from a routine 10 % suspension to eliminate toxity. The comparative study with both the methods is depicted in Fig. 3 , which indicates that there was no case in which isolation was positive with the tube method alone. Minimum plaque numbers required for positive CPE in the tube isolation method were 5 PFU/ 0.5 ml ; on the other hand, there was a material demonstration of an infectivity titer of 16 PFU/0.5 ml with the plaque method which however was negative with the tube isolation method. Generally speaking, it was concluded that the tube method was hard to detect echo-4 virus whose infectivity was 10 PFU/0.5 ml or less as assayed by the plaque method ; in other words, the plaque method was approximately 10 times more sensitive than the tube method for the echo-4 virus isolation. Table 4 shows the result of echo-4 virus isolation with the plaque method on various kinds of specimens taken at various stages of illness. The plaque method is definitely superior to the tube method in every respect, and furthermore it is of importance that quantitative measurement of the virus present in a material is possible.
Virus isolation by human embryonic lung (HEL) cells: As shown in Table 5 , infectivity titers of three strains of echo-4 virus were equal or rather higher by HEL cells than by MK cells, especially with the epidemic strains. When No. 103-HEL strain was established by reisolation from the original material by HEL cell culture, CPE appeared on day 3 in the primary passage ; HEL cells apparently showed an earlier appearance of CPE than MK. These findings suggested that HEL cells had a much higher sensitivity to echo-4 virus. Therefore, comparison of sensitivity of two kinds of cells for primary isolation of echo-4 virus was attempted on eighteen specimens composing of spinal fluids, throat swabs and fecal samples. After two passages CPE was revealed by both the cells in 7 specimens, but 3 specimens gave positive isolation only by HEL cells (Table 6 ). Although the number of examination was small, HEL cells showed definite advantage in the echo-4 virus isolation, when compared with MK cells. Moreover, MK cells tended to show different sensitivities depending upon each individual monkey from which they are deprived, and that contamination of simian viruses always afforded a trouble. However, our later experience showed that MK was rather preferable as for the echo-6 virus isolation. The only disadvantage of HEL cells was their lower resistance to toxic action of fecal materials.
A small number of specimens were subjected to virus isolation by HeLa and HEp-2 cell lines, but these cell lines were found to be unsuitable.
Serological Investigation
Studies on the patients' sera: Table 7 shows results of neutralization and complement fixation tests of paired patients' sera.
In MK tube neutralization test, none of the paired sera showed a 4-fold antibody rise in so far as prototype Pesascek and No. 103 strains were used as antigen, but a good antibody rise was revealed by Du Toit virus. However, the plaque reduction method revealed antibody rises pretty well with any of three strains, although the titers obtained by Du Toit virus were higher. On the contrary, complement fixing antibody showed apparent antibody rise to five different TPB antigens of Pesascek, Du Toit, No. 103, Shropshire, and KP-361 strains. This finding completely agreed with an opinion (Yohn and Hammon, 1960 ) that complement fixation test is of choice in identification of echo-4 virus isolates.
The dynamic aspects of neutralizing and complement-fixing antibody titers in regard to the day of illness are illustrated in Figs. 4 and 5. As shown by two tendency curves drawn in the figures, there were two groups of patients who had rather higher antibody titers or lower antibody titer less than 1 : 4 in their early phase. It is very likely that these antibody titer distribution could be related to the time which elapsed between the intestinal phase of virus multiplication and its spread into CNS. If the former were prolonged, the antibody titer would be high even in the early stage of CNS involvement.
However, these two curves join together after 3 weeks to constitute a plateau, but complement fixing antibody titer tends to decrease after day 30; neutralizing antibody titers were sustained throughout. ISHII et al. Vol. 21 Table 8 shows the result of a cross complement fixation test using LE antigens and antisera. Four units of antigen was easily prepared with Pesascek and the current strains, but it was difficult to make sufficiently potent antigens of the other strains. Therefore, rather poor cross reaction was obtained, but three current strains gave similar results ; the current virus antigens were coupled well with antisera against Pesascek and Du Toit viruses, but Pesascek antigen gave poorer fixation with antisera against the current viruses. Table 9 gives the results of a cross complement fixation test using TPB antigens and guinea pig antisera. There was no difference among the current strains, in agreement with the above finding with LE antigen, but Pesascek TPB antigen revealed better fixation with heterologous strains. TPB antigens showed a broader antigenicity between heterologous strains, but Pesascek TPB antigen still revealed two or four fold lower titers to the sera against the current viruses. b) Neutralization test: The cross neutralization test by the MK tube method yielded a result shown in Table 10 . As is well known, Du Toit strain was easily neutralized by antisera against any strain of echo-4 virus to a high titer, but other strains including the current viruses could hardly be neutralized even by the homologous serum, readily showing break through. Therefore, it is evident that the current viruses Vol. 21 Table 9 . Cross complement fixation test using TPB antigens * Reciprocal of serum dilution .
belong to the Pesascek type in this respect. However, the antisera against three current strains neutralized both homologous and heterologous strains weakly but broadly. On the contrary, the current viruses were not neutralized by the antisera against Pesascek, Du Toit, Shropshire, and KP-361 strains. It is concluded from these results that the current echo-4 viruses were rather antigenically unique differing from other strains. The cross neutralization test by the plaque method was performed to clarify more detailed antigenic difference. As shown in Table 11 , distinct neutralization titers were obtained, when the homologous antiserum was mixed with the viruses which were liable to break through in the neutralization test using tube cell cultures. All the antisera neutralized Du Toit virus up to high titers, confirming a previous report by Wallis and Melnick (1965) . Neutralization test by HEL cell cultures : Table 12 summarized the results of tube neutralization tests of various echo-4 virus strains in MK, HEL and HEK cell tube cultures with the guinea pig antiserum against No. 103 strain.
The use of HEL cells resulted in stable neutralization end points to whichever kind of echo-4 virus ; on the other hand, Pesascek type viruses showed distinct break through in MK as well as in HEK cell cultures. As it was considered that No. 103 virus propagated in non-human MK cell culture system might be different in its neutralizability with antisera, two strains of No. 103 virus were prepared from the original fecal materials using HEL and HEK cells as hosts ; these strains were designated as No. 103-HEL and No. 103-HEK, respectively. As shown in Table 12 , the neutralization tests using these strains gave identical results to the MK passed No. 103 virus. Hence, it was concluded that the use of HEL cells as the host cell system in the nutralization test was responsible for this characteristic feature and it had nothing to do with the kind of host cells used for propagation of the test virus. Successful neutralization using HEL cell tube cultures was also confirmed with other Pesascek type isolates. When different passage levels of HEL cell, from 3 to 18 generations, and different human embryonic lung were tested for their characteristics in neutralization, these differences also had no influence on the results. DISCUSSION Echo-4 virus was isolated for the first time in Kansai district in 1961; recovery of three strains were recorded (Kono, 1963) . It is probably true that echo-4 virus was not prevalent before the 1964 epidemic, since few strains were isolated, and child population had no antibody as screened by a serum dilution of 1 : 4. In 1963 two strains were isolated from aseptic meningitis cases in Kyoto (Hayakawa, 1964) , and also two strains were recovered from suspected Japanese encephalitis cases in Saitama . Therefore, it is very likely that preliminary dissemination of echo-4 Vol. 21 virus leading to a wide spread epidemic had been provided a year ahead in many places and multicentric outbreaks resulted in the next epidemic season of 1964.
According to our sero-epidemiological studies (Table 3) , no children under 9 years of age (under 12 years of age, if data were analyzed more elaborately) had antibody to echo-4 virus. The same findings were obtained by different workers in different districts. Hence, it is quite certain, that there had been few antibody positives younger than ten years all over Japan before the epidemic . We had echo-4 epidemic in the northern Kyushu, western part of Chugoku district and Shikoku next year , where we h ad a few cases in 1964.
In the epidemic of Coxsackie B-5 of 1960 about half the patients were younger than two years (Kono et al. , 1960) . On the contrary, only 26.6 % of the patients were babies under two years of age (Niwayama et al. , 1965) , and older children attending kindergartens, and lower grades of primary schools were affected at a higher rate in the echo-4 virus epidemic. It may be explained by the fact that in the Coxsackie B-5 epidemic of 1960 maternal immunity was absent because most mothers had no antibody (Kono et al., 1960) , however, about half of the adults of mathers' age had antibody to echo-4 virus. Hence, pretty many babies were considered to have been protected by maternal immunity in the case of echo-4 virus epidemic of 1964. Thirty five to 64 % of the population in Arai City from 5 to 9 years old were supposed to have been affected by echo-4 virus in our health survey (Fig. 1) .
Sex ratio of aseptic meningitis cases affords another interesting difference between echo-4 and Coxsackie B-5, namely, the male to female ratio of echo-4 virus meningitis was 1.8 in all ages and 2.5 in babies less than one year old, but about the same number of both sexes were suffering from meningitis in Coxsackie B-5 virus infection (Kono et al., 1960) .
It was reported that there was antigenically different variants in echo-4 viruses as exemplified by Shropshire strain (Barron and Karzon, 1961) , which was confirmed again in our study. As we made a serological comparison of seven strains, that is, Pesascek, Du Toit, Shropshire, KP-361, and three current strains, using guinea pig antisera to respective viruses, we obtained the evidence that three representative current viruses recovered in Niigata, Shimane and Kochi shared antigenic similarity in common. Thereafter, 1965 isolates from Tokushima and Tokyo also turned out to be identical to the above strains.
On the contrary, KP-361 strain , 1963 isolate from Kyoto, showed a different antigenicity. Although there was an opinion that antigenically different variants existed among current echo-4 virus of 1964 and 1965 , we did not find such a variant at all.
When comparing the current viruses with the earlier isolates mentioned above, they were different from Pesascek and Shropshire strains by cross neutralization and complement fixation tests using guinea pig antisera, although they were considered to belong Pesascek type of echo-4 virus. However, neutralization and complement fixation tests with human convalescent sera did not reduce strain specific antigenic differences. Thus, it was in agreement with Barron's finding (1961) that strain specific antigenicity was concerned with the kind of immune serum prepared by different animal species, and with observation by Yohn et al. (1960) that neutralization test was more specific in this respect than complement fixation test . And also we confirmed Wallis' finding (1965) that the highest neutralization titers were always obtained by Du Toit strain regardless of the method used. Hsiung et al. (1963) exudate using the plaque method. We also recognized that the plaque method was ten times more sensitive than the tube method for echo-4 virus isolation from spinal fluid , blood, throat swabs, and stool specimens, and that it offered another advantage to allow quantitative measurement of the virus present in a material. High frequency of occurrence of echo-4 virus in spinal fluid and blood in the early phase of the disease which was demonstrated by the plaque method is of great significance to the pathogenesis of aseptic meningitis.
Presumably echo-4 virus may get into the host by the per os route and infects pharyngeal and intestinal wall mucosa, where lymphoid tissue would support the viral growth. Then, high viremia would follow, leading to the CNS invasion. It is readily conceivable that a route from blood to spinal fluid would be through chorioid plexus . Aoyama et al. (1966) demonstrated by the fluorescent antibody technique that ependymal lining cells of ventricle showed fluorescence but chorioid plexus emitted nothing in the experimental infection of baby mice with Coxsackie B-5 virus, and they concluded ependymal lining would be the multiplication site of some enteroviruses in their meningoencephalitic involvement.
When reminded of this observation, echo-4 virus in blood might pass through blood vessel wall of chorioid plexus into spinal fluid and it might reach ependymal lining cells and multiply there, leading to a high titer of virus in spinal fluid and meningitis.
The isolation of Coxsackie B-4 and echo-4 viruses by the plaque method was reported to have resulted in a better recovery than the ordinary tube method (Hsiung et al ., 1963) , but our later experience in echo-6 virus meningitis revealed that both the method showed similar sensitivity. Hence, the plaque method is not necessarily superior in all types of enteroviruses.
As described before, HEL cells are of practical value for studies of echo-4 virus in the following two points : (1) the neutralization end point can be clearly shown by HEL cell tube cultures either to Pesascek type or Du Toit type of echo-4 virus , since there is little break through ; (2) HEL cells are as sensitive as MK cells in isolation of echo-4 virus. As for the first point, the same findings were reported from the virus laboratory in Utrecht (WHO Quarterly Report of Virus Disease , 1964) and Fukushima Prefectural Laboratory (Odatsume et al ., 1965) in this country. It is of interest that break through occurs in HEK cells as readily as in MK cells . Wallis et al. (1967) found that the non-neutralizable persistent fraction of echo-4 virus was due to its aggregation. However, the above finding seems to suggest that different properties in adsorption of virus-antibody complexes to different cells might have some effect on the outcome of neutralization, or aggregated virus might be disintegrated on the surface of some kind of cells such as human embryonic lung cells. In practice availability of HEL cells for neutralization of the Pesascek type virus is of value . And also HEL cells are no less good than MK cells for echo-4 virus isolation , and it is utilized for the isolation and neutralization of echo-21 virus which does not multiply in MK cells . However, according to our own and others' experiences (Lee et al ., 1965) , (Hermann, 1967) , HEL cells are less sensitive in the isolation of Coxsackie B group of viruses .
